In this study, to determine the molecular mechanisms underlying cherry blossom 2 flowering, we conducted genome and transcriptome analyses of the interspecific hybrid 3
Somei-Yoshino. The genome sequence of another interspecific hybrid flowering cherry, C. × 4 nudiflora, formerly named P. yedoensis (Katsuki and Iketani 2016) , has been published (Baek 5 et al. 2018 ). However, all genomic regions derived from the two different progenitor species 6 (C. spachiana and C. jamasakura) are totally collapsed. Therefore, we established the phased with a special focus on dormancy and flowering-related genes, was also conducted to 11 characterize the physiological changes during flowering. 12 
13

Materials and methods 14
Plant materials 15 A Somei-Yoshino tree grown in Ueno Park (Tokyo, Japan) was used for genome assembly. 16 This tree, i.e., #136, is presumed to be the original according to a polymorphism analysis of 17 three genes and its location (Nakamura et al. 2015a; Nakamura et al. 2015b ). In addition, 139 18 varieties, including a Somei-Yoshino clone maintained at Shimane University (SU), Shimane, 19 Japan, were used for a genetic diversity analysis (Supplementary Table S1 ). An F1 mapping 20 population, YSF1, was produced by hand pollination between Yama-Zakura and another clone 21 of Somei-Yoshino as a female and male parent, respectively, both of which are planted at the 22 Kazusa DNA Research Institute (KDRI), Chiba, Japan. The Somei-Yoshino clones at SU and 23 KDRI were used for the transcriptome analysis. 24
25
Clustering analysis of genetically divergent varieties 26 Genomic DNAs of the 139 varieties were extracted from young leaves using the DNeasy Plant 27
Mini Kit (Qiagen, Hilden, Germany) and double-digested with the restriction enzymes PstI 28 and EcoRI. ddRAD-Seq libraries were constructed as described previously (Shirasawa et al. Assembly of the ʻSomei-Yoshinoʼ genome 16 Genomic DNA was extracted from young leaves of Somei-Yoshino tree #136 using the 17 DNeasy Plant Mini Kit (Qiagen). A paired-end sequencing library (insert size of 500 bp) and 18 three mate-pair libraries (insert sizes of 2 kb, 5 kb, and 8 kb) were constructed using the 19 TruSeq PCR-free Kit (Illumina) and Mate-pair Kit (Illumina), respectively, and sequenced 20 using the MiSeq and HiSeqX platforms (Illumina). The size of the Somei-Yoshino genome 21 was estimated using Jellyfish v. 2.1.4 (Marcais and Kingsford 2011). High-quality reads after 22 removing adapter sequences and trimming low-quality reads as described above were 23 assembled using SOAPdenovo2 v. was employed as datasets, and a mapping rate analysis of whole genome sequence data for 8
Somei-Yoshino reads to the references was performed (see below for details). 9
10
Genetic map construction and pseudomolecule establishment 11 Genomic DNA was extracted from the ovules of YSF1 seeds using the Favorgen Plant Kit 12 (Ping-Tung, Taiwan) and digested with PstI and EcoRI to construct the ddRAD-Seq library. Clustering analysis of cherry varieties 25 We obtained approximately 1.9 million (M) high-quality reads per line after trimming 26 adapters and low-quality sequences from the ddRAD-Seq library. The reads were mapped 27 onto the genome sequences of P. avium (PAV_r1.0), P. mume, and P. persica (v1.0) with 28 mapping alignment rates of 70.8%, 77.8%, and 68.7%, respectively (Supplementary Table  29 S2). We detected 46,278 (P. avium), 31 Table S4 ). Paired-end reads of Somei-Yoshino (20.7×) were mapped onto 18
CYE_r1.0 with a mapping rate of 76.6%. We found that 82.4% of SNPs were homozygous for 19 the reference type. Ideally, both rates should be close to 100% if the assembly was fully 20 extended and the two genomes were separated, or phased. Distributions of the sequence 21 depth of coverage showed a single peak at the expected value of 21× (Supplementary Figure  22   S3 ). When we mapped the reads to the sequence of C. × nudiflora (Pyn.v1) (Baek et al. To extend the sequence contiguity and to improve the genome coverage, PacBio long-26 read technology was employed to obtain 37.3 Gb of reads (54×) with an N50 read length of 27 17 kb (Supplementary Table S3 ). The long reads were assembled using FALCON-Unzip into 28 Table S4 ). The 1 mapping rate of the Somei-Yoshino reads was 95.3%, and 97.1% of SNPs were homozygous 2 for the reference type. Most of the sequences were phased, with one major peak of genome 3 coverage at 21× (Supplementary Figure S3) ; however, the total length was 13% shorter than 4 the estimated size and no haplotype information was available. 5
We used a trio-binning approach to obtain the entire sequences of the two haplotype 6 sequences. The long reads (37.3 Gb, 54×) were divided into two subsets based on whole 7 genome resequencing of the two lines, i.e., C. spachiana (Yaebini-shidare) and C. speciose Table S4 Figure S5) . 24
25
Gene prediction and annotation 26 We initially predicted 222,168 putative genes using the MAKER pipeline. All genes were 27 annotated by a similarity search against the UniProtKB database using the Hayai-Annotation 28
Plants pipeline to select 94,776 non-redundant high-confidence genes. Then, 300 genes 29
showing sequence similarity to genes involved in flowering and dormancy in the family 30
Rosaceae (Supplementary Table S10 were assigned to Gene Ontology slim terms in the biological process, cellular component, and 6 molecular function categories, respectively (Supplementary Table S11 ). Furthermore, 3,972 7 genes had enzyme commission numbers. 8
We found two pairs of self-incompatible genes, S determinants for pollen (S-RNase) and 9 pistils (SFB: S haplotype-specific F-box); CYE_r3.1SPE0_g058440.1 (S-RNase) and between apple and peach was set to 34 to 67 MYA, the divergence time between the two 25 haplotype sequences of Somei-Yoshino was set to 5.52 MYA (Figure 2 Tables S15).  13 In Somei-Yoshino, the reads were evenly mapped to the references of CYEspachiana_r3. Figure S7) . In 23 C. speciose (Ohshima-zakura), 61.1% of reads were mapped to CYEspeciosa_r3.1 Figure S6) and 73.5% of SNPs in CYEspeciosa_r3.1 were homozygous for 25 the reference type (Supplementary Figure S7) . In the remaining seven lines, mapping rates 26 on CYEspeciosa_r3.1 were higher than those on CYEspachiana_r3.1, as in C. speciose 27 (Ohshima-zakura) (Supplementary Figure S6) . Table S16 ) as well as from the 12 stages from 2 to 34 days 1 before anthesis in 2017 used for gene prediction. After trimming, the reads as well as those 2 for the six organs used in the gene prediction analyses were mapped to CYE_r3.1 with a 3 mapping rate of 67.6%, on average. Among the 95,076 predicted genes, 72,248 (76.0%) with 4 a variance across samples of ≥1 were selected. A WGCNA analysis was performed with the 5 expression data for the 24 buds to generate 31 highly co-expressed gene clusters, referred to 6 as modules (Supplementary Figure S8) . The modules were roughly grouped into three main 7 classes expressed in the previous year of flowering, within 1 month, and within 1 week 8 (Supplementary Figure S9) . Figure S6) , and genotypes of most SNPs were homozygous for the 2 reference type (Supplementary Figure S7) . This indicated that the sequence similarity of C. 3 spachiana ʻYaebeni-shidareʼ and CYEspachiana_r3.1 was high and therefore that C. spachiana 4 is a candidate parent. While reads of C. speciosa ʻOhshima-zakuraʼ were mapped to 5 CYEspeciosa_r3.1 sequences (Supplementary Figure S6) , the frequency of SNP genotypes 6 homozygous for the reference type was not as high as that for C. spachiana (Supplementary 7 Figure S7 ). This observation suggests that C. speciosa is not an actual parent of Somei- 
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